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A couple of issues ago, I 
said that we were going to look 
at a D/A that would allow those 
of you with exponential response 
synthesis equipment to begin 
playing with the computer 
software we have been discussing 
here. Then SEQUE ran longer than 
I thought it would, and we ran 

into logistics problems and 

In any case, it's not ready yet. 
Next time for sure. 

Meantime, I've got some 
quickie code that I think you'll 
like, It's a program we call 
ECHO. I'll bet you think that 
ECHO echoes. It does. 

It works in conjunction with 
an allocation- algorithm (POLY 
from MU3 1 in this case, though 
something like Bob Yannes' SHAZAM 
could also be patched in to use 
this) and "follows" whatever data 
is being produced from QuASH 
channel #1, delaying it for a 
controllable period of time 
before playing it from a second 
channel, delaying again before 
playing on a third channel, and 
so on. 

A convenient conceptual 
handle that may help you 
understand the "how-it-works" of 
ECHO might be a clock face. With 
only a second hand. 

The numbers around the clock 
face represent memory locations 
and the second hand represents a 
pointer to these memory locations 
which, as it sweeps past each 
number, writes whatever note 
happens to be coming out of QuASH 
channel #1. This is really a 
funny clock, though, because in 
addition to the single second 
hand it has many minute hands 
that rotate at the same rate as 
the second hand. If the second 
hand la a "writing pointer", 
these funny minute hands are 
"reading pointers". Within some 
restrictions that we'll discuss 



shortly, we can have as many 
reading pointers as we like; the 
important feature is that each of 
these fast minute hands 
correspond to an additional QuASH 
channel . 

Now as the clock runs, the 
writing pointer scans merrily 
through memory, writing the note 
that's in channel #1. In step 
behind it are the reading 
pointers, and as they point to 
successive memory locations they 
read them and, place the result in 
the QuASH channel to which they 
correspond. Presto, echo. 

In computerese, this kind of 
procedure is called a queue. 

ECHO has a variety of 
software control features, and 
since I don't really know which 
of them are more important, we'll 
just plunge into the middle. 

While ECHO always pulls the 
note that it's going to echo from 
channel #1, the first channel 
that the echo effect appears on 
doesn't have to be channel tf2. 
Why? So that some channels can be 
set aside for polyphonic work 
while others are producing the 
echo. 

Here's how. One piece of 
data that every polyphonic 
allocation subroutine must have 
is the number of output channels 
available for its use. POLY 
established the precedential name 
OUTS for this datum and s^t its 
location in a Paia 8700 as $EA. 

Previously, we've always set 
this variable to represent the 
number of QuASH channels that 
were hardware supported. In a 
system which had a single QuASH, 
OUTS was set to contain $04 so 
that all available outputs were 
used for polyphonic allocation. 

But OUTS may be set equal 
(may I please start saying 
"equal" instead of "contains"? 
It's not strictly true, but much 



less cumbersome.) to a number 
less than the number of hardware 
supported channels and the result 
will be to reserve some channels. 
In a system with two QuASH (for 
example) OUTS could be set equal 
to $05 and the result would be 
that the upper 3 channels (6-8) 
will not have keyboard 
activations directly assigned to 
them. POLY (or whatever) doesn't 
know they're there. 

So we can use them for other 
things. Like echo channels. 

ECHO, in its turn, must know 
how many channels it has to work 
with. The location labeled ECCO 
($BB) serves this function, and 
in most cases will be set equal 
to the number of remaining 
channels. 

To give a final example; if 
we make OUTS equal to $03 and 
ECCO equal to $05, we've produced 
a system which has 3 polyphonic 
channels (the first three) with 
channels 4 through 8 echoing, in 
sequence, the notes that appear 
on polyphonic channel #1. 

I would be less than candid 
if I didn't forewarn you that 
successful use of a system which 
combines both polyphonic and echo 
channels requires a thorough 
understanding of the allocation 
algorithm being used as well as a 
certain manual and mental 
dexterity. It's best to start 
playing with a configuration 
which has only one channel 
available to POLY and the 
remainder used as echo channels. 
With practice, you can progress 
from there. 

DELAY CONTROLS 

As you certainly know by 
now, all timing in our system 
references back to the scan rate 
of the keyboard, and ECHO has 
associated with it a variable 



53 



labeled EDLY ($BC) which 
regulates how fast (in tenns of 
keyboard scans) the hands in our 
clocK analogy (the reading and 
writing pointers) advance from 
one memory location to the next, 
Which In turn contributes to how 
long the echo delay is. 

If we set EDLY equal to $01, 
the echoing routine is invoked 
after every keyboard scan (which 
is variable, but typically will 
be every 10 to 50 milliseconds). 
Making EDLY equal to $02 means 
that the routine is used on 
alternate scans which, if 
everything else is equal, will 
produce an echo delay twice as 

Notice that this affects 
only the ECHO and does nothing to 
alter POLY's allocating channels 
after every keyboard scan. This 
is important because when 
changing the value of EDLY you 
should be aware that if you skip 
more than about 8 scans before 
invoking ECHO, it may miss some 
keyboard activity in a fast riff. 
The notes will still play through 
the polyphonic channels, but 
won't be echoed. 

A second variable also 
interacts with EDLY to detirmine 
the echo delay. OFST ($BD) 
controls the offset between the 
pointers into the echo queue. 
Going back to the clock 
metaphor e, it detirmines how "far 
apart" the hands on the clock 
are. The farther apart they are 
(the bigger the number in 0F3T), 
the greater will be the echo 
delay. 

Like EDLY, there are some 
caveats that go with OFST. The 
echo buffer (queue) area of 
memory is 64 bytes on page 1. You 
don't want. cnme ud with too 
many pointers tcontrolled tjy 
ECCO, remember) that are too far 
apart or they will represent a 
memory area larger than that set 
aside. The result of that is far 
from disastrous, but it will 
cause things like the high order 
channels echoing much sooner than 
you expected, as the reading 
pointers for those channels "wrap 
around" past the writing pointer. 
But, as we've decided here in the 
past, the difference between 
noise and a neat effect is often 
nothing more than a creative 
mind. 

Control of the time delay 
involved in the echo is important 
for reasons that you might not 
first think about, because like 
any device (or now software) that 
messes with the subjective flow 



of time, echo offers a variety of 
totally different effects 
depending on how long a time we 
are talking about. 

For example, if the delay is 
very short, as when both EDLY and 
OFST are set to $01, the effect 
will not even be percieved as an 
echo, but rather as a 
"thickening" of the voice (voice 
doubling, actually). It's a lot 
like phasing or flanging, except 
that with those techniques the 
predominant effect is frequently 
that the subjective flow of time 
is cyclicly changing. 

Longer delays (EDLY = $01 
and OFST = $08) produce the types 
of effects which give ECHO its 
name. Echoplex type echoing. 
There is a major difference, 
though, in that with conventional 
echo devices you can only echo in 
a voice that is essentially the 
same as the starting voice. Here, 
the echoes can be anything, and 
there's no way to appreciate the 
power that this implies without 
working with it. 

When the delays get very 
long (EDLY = $02 and OFST = $10) 
you find yourself playing with an 
instrument that allows you to 
play rounds with yourself. Also, 
of course, in different voices. 

Because the character of the 
instrument is so greatly 
influenced by delay times, and 
because the different characters 
can so frequently be used in the 
same musical performance, we've 
added a means of quickly 
switching from one set of 
operating parameters to another. 
Four of these presets are 
provided by pads 0-3 on the 
command keyboard. Touching one of 
these pads causes ECHO to get the 
requested set of parameters from 
a table that lives in memory $9A 
- $A9 and place them in the 
locations referenced by the rest 
of the program. The pre-sets that 
are in place in the listing which 
follows are: 

COMMAND POLY ECHO TIME DELAY 
KEY CHANS CHANS (fCBD SCNS) 



iterations simply won't have the 
hardware to voice them. Secondly, 
observe that when we got to 
longer delays we cut back on the 
number of echo channels so as to 
circumvent the "too many channels 
too far apart" problem that we 
looked at earlier. 

You can substitute your own 
presets for those shown simply by 
altering or replacing the values 
shown. Here is a map of locations 
that will make that a little 
easier: 



7 

7 



0 1 

1 1 

2 1 3 

3 1 3 



1 
8 

16 
32 



Notice a couple of things 
here. First, if you're using a 
system with only a single QuASH 
(a P4700/J or its equivalent) it 
doesn't matter that there are 
more echo channels than there are 
hardware channels; the last four 







PRESET # 




0 


1 


2 


OUTS 


$9A 


$9E 


$A2 


ECCO 


$9B 


$9F 


$A3 


EDLY 


$9C 


$A0 


$a4 


OFST 


$9D 


$A1 


$A5 



3 



With some experimentation 
you will find echo presets which 
seem to complement each other 
particularly well. You will 
inevitably get to where you use a 
specific set of presets for each 
particular song, not only 
changing presets throughout the 
song but within a riff or phrase. 
This can create some neat effects 
such as having an initially long 
delay set and, in the middle of 
the echo chain, hit a faster 
preset to initiate a burst of 
echoes. Or, have one preset for 
the "voice doubling" character- 
istics we discussed. Then you can 
switch between echoes for special 
effects and doubling for use on 
bass lines or solos. 

Actually, there is a lot of 
power hidden in this program that 
can be liberated with innovative 
patching, voicing, and mixing. 
How about having a chain of 
voices which are all related but 
slightly different, such as 
having higher Q on the filters as 
the echo is passed on. Or 
changing envelope times so the 
first echoes have sharp attacks 
and delays and later voices have 
increasingly softer envelopes. 
Here's a good one- progressively 
detune each voice so you get a 
spiraling echo, or the echoes 
sequence upscale (or downscale) . 
Completely different voices can 
be used, and this technique 
really works well on the long 
delays for doing rounds. 

Just playing with the mixing 
or panning of the normal echo 
voices can entertain you for 
hours. Have the echoes pan across 
the stereo field, or bounce back 
and forth. Or have the echoes 
begin to fade out, but set the 
last or next to last voice at a 
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i6se 

1670 

i68e 

1696 
1780 
1718 
1729 
1730 
1740 
1756 
1760 
1770 
1780 
1796 

leee 
i8ie 

1326 
1838 
1840 
1850 
1866 
1670 
1886 
1890 

1900 

1910 
1920 
1930 
1940 
1950 
I960 
1970 
1980 
1996 

2»e 

2016 
2020 
2036 
2040 
2000 

2«eo 

2070 

C9>0 

2890 
2100 
2110 
2128 
2130 
2140 
2150 
2168 
2170 
2180 
2190 
2280 
2210 
2M 
2290 
23W 

1180- 85 85 95 85 C2 BC 
1196- CF D4 80 ?C Dfl D7 
1110- 45 92 63 46 3F fl3 



1096- 
1036- 
189E- 
10fl6- 
10fl2- 



18ft3- 
10P5- 
tflfl7- 
10flfl- 

leflc- 

19flE- 
IflflF- 
1861- 
10B3- 



1664- 
1666- 
1068- 

laefl- 
iBec- 
iBeE- 

18C0- 
18C2- 
1BC4- 
10C6- 

i0ce- 

i8Cfl- 
10CC- 



10CF- 
1800- 

1603- 



20 B6 11 
8E 20 08 
R9 86 

85 E6 
60 



80 82 
85 E5 
20 84 11 
fl5 E5 
M 85 
18 

65 El 
85 E5 
66 



85 E9 
R5 E2 
09 80 
D0 0E 
flS E2 
09 40 
N 88 

as £2 

09 01 
D0 82 
f19 80 
85 E2 
4C 8F 12 



18 

26 25 IE 
66 



JSR CONT 
STX OSP 
m 66 
STfl tTRNS 
STPl RTS 



1604- 4C 54 12 



1B07- 4C 20 12 



19M- 4C 33 12 



CfiLL PflRT OF PLflV MODULE 
DISPLff^ M-SEQ POINTER 
ma TRfWSPOSE VfLUE 
EBUflL TO ZERO 
fW RETURN 



PROCRflM EVENT PWDE - SfiVES M-5EQUENCE 
BUT SUBSTITUTES EVENT CLOCK FOR REAL-TIME 
: CLOCK 



E5ftV BCS ESI 
STR ♦CNTR 

ESI JSR NSVl 
LDfi tCNTR 
BNE EOUT 
CLC 

ADC *TPO 
STfl *CHTR 
EOUT RTS 



FIRST PflSS, INITIALIZE 
TErPO COUNTER flS ZERO 
CALL SflVt riODULE 
GET TEMPO COUNTER 
NO ENTRY-RETll?N 
PREPflRE 

.m TEMPO VALUE 
SA\€ AS TEMPO COJNTER 
THEN RETURN 



OPTION «NU - RETURNS TO PREVIOUS 
OPERATING MODE AFTER TURNING OH OR 
CANCELLING OPTIONS 



TBLM STA 
LOA 
ORfl 
BNE 

MET LW 
ORft 

SVTC LDA 
ORA 
SNE 
CNa LDft 
HCOn STA 



♦TPNT 
*STUS 
30 

ncoM 

*STUS 
46 

MCOM 

tSTUS 
01 

MCOM 

00 

•STUS 
TCItt 



T-SEQ POINTER TO B£a 
: ASSERT T-SEQ OPTION 

BRANCH flSLHAVS 
TURN METRONOME ON 

BRANCH ALUAVS 
TURN ON S'ttC TO 
CLICK TRACK OPTION 
BRANCH ALWAYS 
PREPARE AND 
CANCEL ALL OPTIONS 
JUMP FOR THE REST 



CLICK MODE - SENDS aiCK TRACK TO TAPE 
AGO KEVBOflRD SCAN RATE IS TIltR 



CLIK CLC 

JSR sen 

RTS 



PREPARE TO SEND "6" 
SEND IT 

RETURN FOR KEVBOARO DELAV 



HETROHOtC TEMPO CfttNQE - PROGRAM OH PAGE 2 
TCHG Jff TCH :JUMP TO F1«3GRAM 

DUtP M*T-SEQ TO TAPE - PROGRAM ON PAGE 2 
OTAP JMP TOUT :JUMP TO PROGRAM 

LOAD «T-5EQ FROM TAPE - PROGRflH ON PAGE 2 



ITAP JMP TIN 



:JUMP TO PROGRAM 



COmAM) LIIKS - LOW BYTE OF ADDRESS OF StJBS 

B4 ca 

BC 0C 
IE 46 







2790 










2800 


, OR 1118 








2810 










2820 


COMMON PROGRAM - 


DOES METRONOME UHEN ON 






2830 


ADOS PLAV A» TRANSPOSE BUFFERS TO GET 






2840 


OUTPUT NOTE, PLAVS NOTE. READS COimC 






2850 


KESWARD m JUMPS TO SELECTED MODE 






2860 


SUBSTITUTES aiCK SV1CH FOR KEV80AR0 






2870 


TIMING LOOP M€N SVW OPTION IS ASSERTED 


1118- 


Fe E2 


2800 
2890 ( 


X)M LDA •STUS 


CHECK OPTIONS 


lllA- 


48 


2900 


PHA 


SAVE A COPY 


lllB- 


BA 


2910 


flSL 


HERONOrC ON ? 


lUC- 


16 22 


2920 


BPL COI10 


NO - BRANCH 


lllE- 


C6 OF 


2930 


DEC •MTRC 


DECRETEHT METRONOME COUNTER 


1120- 


18 IE 


2940 


BPL cone 


NOT <e VET, BRANCH 


1122- 


KEl 


2900 


m *TPO 


TIME UP, GET TEirO VALUE 


1124- 


Cfl 


2960 


DEX 


DECREKNT ONCE 


112^ 


86 DF 


2978 


STX •ffTRC 


THEN SAVE flS COUNTER 



1127- 


A9 80 


2900 




LDA 88 


TO DETERMINE ALTERNATE DISPLHV 


1129- 


AA 


2990 




TAX 




112fl- 


18 


3000 




ac 


PREPARE FOR ADDITTION 


112B- 


65 E0 


3018 




AOC *)CTF 


ADO FLIP-FLOP VALUE 


112D- 


85 E0 


3020 




STfl +ltTF 


SAVE NEW VALUE 


112F- 


18 8C 


3038 




BPL METl 


ALTERNATE'' - DISfW 


1131- 


A5 EB 


3640 




LDfl ♦Pfitf 


OTHERWISE, GET OUTPUT 


1133- 


09 80 


3050 




ORA 86 


SET 07 


1135- 


85 EB 


3060 




STA ♦PBt*^ 


SAVE IN PLAY BUFFER 


1137- 


18 


3070 




CLC 


PREPARE AND 


1138- 


20 25 IE 


3680 




JSR SBIT 


CALL BEEP 


1138- 


A2 86 


3090 




LDX 08 


"PENDULUM" RIGHT 


1130- 


dE 20 88 


3106 


METl STX DSP 


SHOW PENDULUM 


1140- 


A5 E6 


1110 


C0H6 LOA *mS 


TC TLfDC a TDOOCPnCC 0 

15 TttKt n IKHNbrUst ' 


1142- 


F0 83 


3120 




BEO COMl 


HO - KfflNCH 


1144- 


18 


3130 


TRAN CLC 


VES - PREPARE 


1145- 


69 A4 


1140 




ADC 0A4 


CALCULATE TRHNSPOSE VnLl* 


1147- 


16 


3156 


COMl CLC 


MORE PREPARATION 


1148- 


65 EB 


3160 




ADC +PBUF 


CALCULATE NOTE 


114fl- 


80 40 88 


3170 


COUT STfl OUTP 


PLAY NOTE 


1140- 


68 


1180 




PLfl 


GET STUS (OPTION CODES) 


114E- 


6A 


3190 




ROR 


SYNC OPTION OH ? 


114F- 


90 86 


3200 




BCC KRED 


NO - SKIP 


1151- 


20 49 IE 


3216 




JSR DBIT 


WAIT FOR CLIK 


1154- 


4C 60 11 


3220 




JMP CTRL 


SKIP READING AGO 


1157- 


2C 16 88 


3230 


KRED BIT KBO 


WAIT FOR PUMHV SCAN 


115A- 


10 FB 


3240 




BPL KRED 


LOOP UNTIL STARTED 


115C- 


AO 10 88 


3250 


KR2 m KBO 


kfllT FOR SCAN TO START 


115F- 


30 FB 


3260 




BMI KR2 


LOOP UNTIL STHRTEP 


1161- 


2C 10 88 


3270 


KR3 SIT KBO 


CHECK FOR KEYS DOWN 


1164- 


30 05 


3280 




BMI KRTN 


HHEN SCAN DONE, RETURN 


1166- 


50 F9' 


3290 




BVC KR3 


CURRENT KEY NOT DOHN, LOOP 


1168- 


AD 16 88 


3300 




LDft KBD 


KEY DOWN, GET IT 


116B- 


35 EC 


3310 


KRTN STA *KBUF 


SAVE RESULT 


1160- 


29 00 IF 


3320 


CTRL JSR DECD 


GET COMMAND 


1170- 


B0 86 


3330 




BCS DO 


OLD COMMAND - DO IT 


1172- 


89 80 11 


3340 




LDfl ST8L, V 


ICW COmflW - GET LINK 


1175- 


80 78 11 


3350 




STA ACTH+01 


PLACE LINK 


1178- 


A9 80 


3360 


DO LDA 00 


THIS WILL BE HffOV 


117A- 


20 63 80 


3370 


ACTN JSR DUMV 


CALL OPERATING HOCt 


117D- 


AO 78 11 


3380 




LOA ACTH+61 


SAVE CURRENT COHM) 


1180- 


85 E3 


3390 




STA *LSTL 


LINK FOR LATER 


1182- 


00 94 


3400 
3410 




BNE COM 


AND LOOP ALHAVS 






3420 




SAVE MODULE - TAKES CARE OF fiLTERNATELV 






3430 




STACKING DURATIONS AND NOTES IN M-SEi3UENCE 






34« 




USES UHflT HILL BE "END OF SEflUENCE" 






3450 




IWICATOR IN PLfiV MOOES AS POINTER 






3460 








1184- 


60 09 


3470 


MSVl 8CS MSI 


FIRST PflSS' 


1186- 


80 01 03 


3480 




STA MTBL+81 


StS-ZERO PROGRflM NOTE 


1189- 


85 E8 


3490 




STA *HEND 


ZERO K-SEQ POINTER 


1186- 


85 E6 


3500 




STA *TRNS 


ZERO TRANSPOSE 


118D- 


85 EB 


3516 




STfl •PBUF 


ZERO OUTPUT NOTE 


118F- 


A5 E5 


3520 


MSI LDfi*CNTR 


GET TIME SINCE LAST NOTE 


1191- 


A6 E8 


3538 




LDX «MEND 


AW M-SEQ EM) POINTER 


1193- 


90 00 03 


3540 




STfl HTBL,X 


Sflrt THE Tilt 


1196- 


20 13 10 


3550 




JSR NRMl 


IN CASE NO KEYS DOWN 


1199- 


29 TP 


3560 




AND 7F 


CLEAR D7 IN OUTPUT NOTE 


1196- 


DO 01 63 


3570 




or MTBliX 


SflME flS LAST NOTE? 


1196- 


F0 06 


3580 




6E0 OUT 


YES, LEflVt 


llfW- 


E8 


3590 




m 


NO, SAVE BY INCREMENTING 


llfll- 


E8 


3600 




INX 


M-SEQ POINTER TWICE 


11A2- 


86 E8 


3610 




STX tfEND 


AM) SAVING AS END 


llfl4- 


9D 61 03 


3626 




STA HTBl, X 


TtCN SflVE NOTE 


11A7- 


A9 00 


3630 




LDA 00 


ft© ZERO TIME SINCE 


11A9- 


85 E5 


3640 




STA ♦CHTR 


LAST NOTE 


llAB- 


60 


3630 


OUT RTS 


.AND RETURN 






3660 












3670 




PLAY MODULE - NflNAGES M-SEO AM> T-SEQ 






3680 




POINTERS AS «LL AS TEMPO aOCK. 






3696 




DETERMINES \m NOTES ARE TO BE PUWED 






3700 








ilfC- 


B0 08 


3718 


PLRl BCS CONT 


; FIRST Pf6S ? 


UAE- 


85 E4 


3728 




STfl *TTRN 


;«S-ZERO TEH*. TRflNSPOSE 


1160- 


85 E9 


3738 


LPl STfttTPMT 


:ZERO T-SEQ POINTER 


1182- 


85 EA 


3740 


LP2 STA *»NT 


:AM> H-SEQ POINTER 


1184- 


85 E5 


3750 




STfl *CHTR 


:flND aOCK (TWQ CONTER) 


11B6- 


A5 E5 


3766 


CONT LDfl *CNTR 


;QET CLOCK 


11B8- 


A4 E9 


3770 




LDV ♦TPNT 


;GET T-SEQ POINTER 


llBfl- 


A6 EA 


3798 




LDX •IffNT 


:GET M-SEQ POINTER 


IIBC- 


DO 02 63 


3796 




CMP HTB2,X 


:TIIC UP? 
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llflF- 
ilCi- 
ilO 
11C5- 
11C6- 
UC7- 
11C9- 
IICB- 
IICO- 
IICE- 

lioe- 

11D2- 
11D4- 
11D6- 
11D9- 
IIDB- 
ilDE- 
11E0- 



96 15 

n9 ee 

85 E5 
E8 
E8 

86 Eft 
E4 E8 
De 99 
C8 

C4 E7 
80 DE 

84 E9 
De DC 

BO 83 83 

85 EB 

B9 C8 82 
85 E£ 
68 



1286- 
1293- 
1285- 
1206- 
1269- 
120fl- 
1288- 
12flD- 
12eF- 
1211- 
1214- 



80 86 12 
R2 86 
18 

7E 82 83 

E8 

E8 

E4 E8 
06 F6 
fl5 E3 
80 7B 11 

ee 



la?- 
i2ifl- 

121C- 
1210- 
121F- 



1228- 
1223- 
1225- 
1228- 
122B- 
122D- 
122F- 
1232- 



fl2 07 
80 El 11 
95 F0 

cn 

06 F8 
68 



28 15 12 
R5 E8 
80 86 83 
ns E7 
80 ei 83 
fl9 DO 
26 46 12 
68 



1233- 
1236- 
1238- 
1238- 
123E- 
1246- 
1243- 
1245- 



124€- 
1249- 
124C- 
i24F- 
1259- 
1253- 



28 15 12 
fl9 11 
28 46 12 
flO 66 63 
85 E8 
flO 61 63 
85 E7 



26 fW IE 
flO 8F 11 
80 7B 11 
18 

28 22 IF 
66 



3868 
3816 

3828 
3836 
3846 
3858 
3868 
3878 
3886 
3896 

3966 
3916 
3926 
3938 
3946 
3956 
3966 
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There are plenty of times when a switch is a great 
way to control things- like when you want to turn 
something on and off, or select a preset. But when 
you're just playing around looking for the right sound, 
there's nothing quite like a knob. Unless it's a 
joystick. 

Knob or joystick, either one- we need some way to 
digitize it's position so a computer can read, save and 
manipulate the data various ways. And preferably it 
should be a cheap and simple way. 

We need something we'll call a digitizer. It's an 
analog-to-digital converter, really; the only reason I 
don't think we should call it an ADC is that we reserve 
that term for something more elaborate than what we are 
getting into. This is really simple. 
. In every electronic scheme that I know of to 
jConvert an analog parameter to a digital one there is a 
thing called a comparator. See figure 1. The thing it 
^compares are the voltages at its "+" and "-" inputs. If 
|the voltage at the input is greater, the output is 
kt a high voltage. If the input is greater, the 
butput is driven to a low voltage. 

! The elaborate ADC's use the comparator as only a 
ball part of a larger circuit that will probably look 
pomething like figure 2. When it's time to quantize the 
roltage to be measured, the counter is reset and its 
Bigital output goes to zero. Because of this, the D/A 
buta out a low voltage (in this scheme you must first 
pave a digital to analog conversion before you can have 
fche reverse). The output of the D/A will probably be 
lower than the voltage that is being measured, so the 
output of the comparator is high and allows pulses to 
pass from the clock through the NAND gate to the 
counter. The counter counts up and, as it does, the 



output of the D/A increases. When the output of the D/A 
exceeds the voltage to be measured, the comparators 
output goes low and clock pulses can no longer pass 
through the gate to the counter. At that point, the 
counter's output is a digital representation of the 
analog voltage being measured. 

There are a number of variations on this design 
that have to do with the way the counter works, and in 
a computer based system it is common to replace both 
the clock and counter with software. Unfortunately, the 
common features of all these variations are modest 
complexity and/or relatively slow conversion rate. 

■■ ■> 
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Now, for a really simple digitizer, take a look at 
figure 3. Since the resistors in the divider that 
detirmines the reference voltage (Vr) are equal, the 
digital output is a 1 (high) if the voltage is greater 
than 1/2 the supply voltage and 0 if the input is less 
then Vs/2. I know what you're thinking, and you're 
right. A one bit digitizer isn't exactly an improvement 
over a switch in most cases. 

OK, let's add another stage. Only on this one, 
let's make the reference voltage a function of the 
output state of the first stage. Schematically, this is 
represented in figure 4. 

In order to easily see how this circuit works, you 
have to assume that Vrl (the voltage at the junction of 
the two Rl's) is constant at Vs/2. In fact, this 
voltage will change as the comparator output D1 changes 




A COMPARATOR 




OUTPUT 



A CLASSIC A/DC 





CLOCK 








T A ONE BIT 
DIGITIZER 



and alternately sinks or sources current through the 
two resistors, R2. But as long as the value Rl is kept 
much lower than the value R2 (the lower the better, at 
least 1/10), the change in Vrl will not be too 
significant. 

Imagine that a voltage which is increasing from 
ground to supply is applied to the input of the 
digitizer. When at ground, the voltage is less than 
Vs/2, so D1 is low (ground). The two R2's now form a 
voltage divider at the junction of which is a voltage 
equal to 1/2 of Vs/2, or 1/4 of the supply voltage 
(Vs/I). This voltage (Vs/4) is the reference voltage 
for the new stage. Since we said that our input voltage 
was initially at ground (which is less than Vs/i)), the 
output of the new stage is also low. In binary, the 
output of the two stages is 00. An equivalent circuit 
would look like figure 5. 

Now we increase the input voltage and, as it 
exceeds Vs/4, the output of the new stage changes from 
low to high. That's all that happens; the binary output 
of the two stages is now 01. 

We continue to increase the input voltage and, as 
it exceeds Vs/2, the output of the first stage goes 
high. But, that's not all, because with the output high 
(at Vs), an equivalent circuit of the voltage divider 
that forms the reference for the new stage looks like 
figure 6. Since the input voltage is less than 3/4 of 
the supply voltage, the new stage changes state back to 
low and all is once again stable with a binary output 
of 10. 

Increasing the input voltage further will exceed 
3Vs/4. The new stage again changes to a high state and 
the binary output of the two stages reads 11. 

Additional stages can be added in much the same 
way we just added the second stage. Each new stage 
becomes the least significant bit of the digitizer and 
its reference voltage is a weighted sum of the outputs 
of the more significant stages. Using 5% resistors, the 
scheme can be carried to 5 bits. 1$'ers would probably 
take us up to 6 bit resolution; 7 or 8 bit resolution 
should be realizable by going to active summing amps 
instead of the passive summing we've used. But, then 
you're back to complicated again. 

Instead, we'll stop at an easily obtainable 4 bits 
with the design shown in figure 7. Since the MC3302P is 
a quad comparator, only one IC is used in this circuit. 
Like I said, it's simple. Resistors R5, R12, R19, and 
R27 have been added to give just the slightest 
^ijifcr^ji-vvris \-ymriVxv-e l-e^tfD"adK'j Xo .eacn staj^ 'to 'haJs^ 
overcome any uncertainty at input voltages that 
correspond exactly to 'change of state' points. When 
powered from a computer's 5 volt supply, the range of 
input voltages is also 0 to 5 volts and the pot to be 
digitized is hung across the supply as laboriously 
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depicted in the formidable technical drawing of figure 
8. At this point, we may as well establish the standard 
that the pot should be wired so clockwise rotation of 
the control causes the output of the digitizer to go 
from $0 to $F (see test program). 

I believe that the most useful configuration for 
this circuitry is actually two digitizers on a single 
board, with each half providing half of an 8 bit word. 
The configuration shown in figure 9 is Paia's EK-7 and 
is made to plug directly into input port #2 of a Paia 
8700 oomputer. It can also be connected to any 8 bit 
input port of any computer. 
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The nicest thing about the digitizer is that it is 
easy to program for. There are no clocks to worry about 
and no elaborate software overhead (in fact, none at 
all). You just read the port to which the digitizer is 
connected to find the state of the knobs. 

A good first example is the short program written 
for an 8700 to test the unit's operation shown in 
Listing 1. This program reads the output of the 
digitizer and shows the result in the B700's displays. 
\(hen the value of either of the digitizer outputs 
changes, the beeper sounds. As the knobs are rotated, 
the displays should show that the output increases or 
decreases sequentially without skipping any of the 
hexadecimal numerals $0 - $F and that there is no 
interaction between the two digitizer sections. 
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the PINK TUNES software 
pp. 22-26) as an example, 
you'll notice that the 

the note durations (half 



The fact that there are two digitizer sections on 
the EK-7, one contributing the upper half -byte and the 
other the lower half-byte is going to be of great 
significance in some future software and hardware that 
we'll be doing. 

For now, we'll use 
(Polyphony July /August 78, 
When you review PINK TUNES, 
statistical properties of 

notes, quarter notes, dotted notes, etc.) are 
controlled by the upper half-byte (UHB) and lower half 
byte (LHB) of memory locations we call MASK and TIME. 
We don't have the space here to duplicate the detailed 
explanation of how these variables interact which 
appeared in Polyphony, and is reprinted in "Friendly 
Stories About Computers/Synthesizers"; but briefly, 
both UHBs interact to determine the probability of a 
dotted note. The LHB of TIME sets the minimum note 
duration that will occur, while the MASK'S LHB controls 
the range of possible note durations. 



These dual half-byte control words are just right 
for use with a dual half-byte digitizer. From a 
programming standpoint, all we have to do is read the 
memory location where the knobs are ($808 on an 8700) 
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TUNES is going to look for the variable that we're 
changing. 

Now, there's a minor difficulty as we have 8 bytes 
worth of variables (MASK and TIME for each of ^ 
channels) to set with only two knobs. At some point in 
the future we'll look at hardware ways to multiplex our 
digitizer so it can be fed by multiple addressable pots 
(something like QuASHes in reverse), but for now we're 
going to actually multiplex the knobs - with software. 

Depending on which command pad is being touched, a 
knob may be controlling minimum note duration on 
channel A, or the range of durations on channel C, or 
any of the other possibilities. The program shown in 
Listing 2 can be added to PINK TUNES to make all this 
happen. With the software running, the first 12 pads of 
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the 8700 's command keyboard take on the 
responsibilities depicted in figure 10. 

The first three keys on the computer serve the 
same function they did in the un-altered PINK TUNES, 
but from there on it's all new. When TEMPO is touched, 
the knob corresponding to the LHB of the digitizer 
provides a coarse control of tempo; the other control 
has no effect. Touching one of the pads $4 - $3 causes 
the selected parameter for the selected channel to be 
read from the pots. By the way, thinking of the pots as 
being labeled as shown in figure 1 1 will help you keep 
their functions straight in your mind (particularly if 
you remember that TEMPO is a duration function). 

Yep, the knobs are definitely a plus for PINK 
TUNES. You can really try things out fast without 
having to shut everything down and scratch your head 
each time you want to change a channel from quarter to 
half notes, and so on. Also, the first program is a 
good example of how to program the knobs when you're 
setting variables that are organized as 4 bits each, 
two to the byte. 

But there are other ways that the knobs can be 
programmed. For example, some parameters simply require 
more resolution than the 16 quantizing levels that h 
bits provide. An obvious answer is to think of the two 
knobs as both controlling one value, in which case the 
UHB knob can be thought of as a coarse range control 
while the LHB knob is fine tuning (our first test 
program can be thought of as acting this way). We'll 
look at another way that resolution can be extended in 
a moment. 

In some cases the 16 quantizing levels provided by 
a single digitizer "channel" Is sufficient resolution, 
but the resulting parameter must have a greater range 
than 4 bits allow. A brute force method of dealing with 
this is to use the output of the digitizer as a pointer 
to a table of parameter values like the code in Listing 
3. This program reads a value from the table based on 
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In some cases the digitizer's output can be used 
in some way to calculate the parameter value. 

One of the difficulties with software multiplexing 
of the knobs is that unless you're one of those people 
blessed with eidetie memory you have little way to know 
what the position of the knob was the last time you set 
it. In some cases this isn't important, but in others 
(when you want to smoothly change a parameter from what 
it is to what you want it to be) it can cause problems. 
You punch in to change a value and the value 
immediately jumps to correspond to the current setting 
of the control. Glitch-ville. 

A solution is to use the knob not to set the 
parameter, but to change it. That may not sound like a 
big difference, but it is. Using the knob to change the 
parameter means that when a function is punched in, the 
current setting of the knob is not important. As the 
knob is turned, though, the change in its position 
produces a corresponding change in the parameter. Try 
running the software in Listing 4. 

With the code operating, any changes in the 
setting of the LHB knob are ignored completely until 
the parameter change is called for by touching the "0" 
command pad. Then, as the knob is rotated clockwise, 
the parameter (as shown in the displays) increases. 
Unlike the other code that we've examined, when the end 
of control rotation is reached, you can release the 
command pad, turn the knob fully counterclockwise, 
touch the pad again and continue increasing the 
parameter. This technique not only provides smooth 
control over a value without having to know its current 
state, it also extends the range of values that can be 
set with the knob. 

The things that we've covered here are not all the 
possibilities, but hopefully they will get you started 
in adding variables to your software. It's really hard 
to beat a knob. 

The following are available from Paia Electronics, 
Inc., 1020 W. Wilshire, Oklahoma City, OK 73116: 
»* EK-7 Dual Digitizer kit, with PC board and all parts 
(including pots, knobs, and sockets); $14.95 + $1 
postage and handling. 

«• "Friendly Stories About Computers/Synthesizers", a 
compendium of past Lab Notes from Polyphony; $5.00 ppd.| 



tne setting of the LHB knob and .'^hows it in the 
displays. In this case the table is an approximation of 
1/4 cycle of a sine wave, but it could be anything. 
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CONTROLUNG EXPONENTIAL 

SYSTEMS 



The two most common 
questions I hear about the 
computer - based synthesizer 
systems we've been developing 
here are: 

1) How do I use it with my 
exponential synthesis gear? 

and 

, 2} How do I use it with my 
\ Razmataz RMT-80 computer? 

The answer to the second 
question is going to have to wait 
just a bit longer (though I 
expect to have a surprising 
answer soon) . 

The answer to the first 
question is what we're going to 
focus on this time by looking at 
a Digital to Analog converter 
that is designed to be compatible 
I Kith almost every synthesizer in 
the world with the exception of 
the linear holdouts- Pala, Yamaha 
CS series, Unicord, some EML; you 
know who they are. For them, you 
use the stuff we've already 
covered . 

By way of a very short 
review, the differences between 
D/As that are to be used with 
linear response elements and ■ 
those that are to work with Moog, 
Arp, or any other exponential 
system are not great from a basic 
conceptual standpoint. A binary 
number is fed in one end, and a 
DC control voltage comes out the 
other. But, they do differ 
greatly in the character of the 
voltage that comes out. 




For linear response 
equipment, the D/A must produce 
an output that has an exponential 
character- as the control voltage 
increases, the incremental change 
in voltage must also increase. 

Since exponential response 
equipment has analog circuitry 
built into the front end of each 
control input which "bends" the 
linear control signal into an 
exponential curve, a D/A that is 
to be used with this equipment 
must produce a linear output 
voltage function. That is, the 
incremental change in output 
voltage must be constant. See 
figure 1 . 

One of the nicer things 
about this linear D/A is that 
it's common, the kind that most 
applications require. Since it is 
common, we have a large number of 
parts to choose from. From that 
large number we've selected a 
"5008" type which is made by a 
number of manufacturers. When 
Signetics makes it and houses it 
in a 16 pin plastic package it 
becomes an NE5008N. 

Inside, this chip is 
relatively simple. It looks like 




figure 2. The transistors shown 
are each a current source and the 
values of the resistors in the 
matrix that their emitters are 
tied to are such that if the 
source associated with DO is 
pumping some current (i), the one 
that corresponds to DT will pump 
twice that (2i). Similarly, the 
source that goes along with data 
bit D2 produces twice what the 
previous one did C4i), and so on. 

In response to a bit being 
set, the current produced by the 
source associated with that bit 
is switched so that instead of 
?ippearing at pin 2 of the IC it 
appears at pin 4 (lout). At any 
given instant, this output 
current will be the sum of the 
currents corresponding to each 
input bit which has been set. 

To turn this chip into a 
"system" that accepts data at the 
input and controls a synthesizer 
at the output, we need to add 
such niceties as latches to hold 
the data that the computer sent 
out, an I/V (current to voltage) 
converter to change the 5008 's 
current output to a voltage that 
our synthesizers will like, and 
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other bells and whistles as 
available . 

When we do all this, the 
design looks like figure 3- It's 
pretty straight - forward. We've 
used 4042 's to latch the data 
coming in and the "KU line is the 
strobe on these latches which, 
when low, allows the data present 
at their inputs to appear at the 
outputs. When TfU is high, 
whatever data was present at the 
latch inputs when the line went 
high will be held at the outputs. 
Notice that the two most 
significant data bits follow our 
previous protocols in that they 
come out simply as flags rather 
than being presented to the 
converter circuitry. But notice 
also the jumper JP1 which, as 
we'll see later, can be used to 
double the range of the D/A 
(although at what might be an 
unacceptably high cost). 

We've used a 4136 quad 
op-amp to provide all of the 
analog support that the 5008 
needs; one stage serves as a 
buffer between the calibration 
trimmer and the 5008 's Vref input 
(ICIa), another comprises a 
current to voltage converter 
(ICIb), and a third is an 
inverting summing amplifier that 
allows a modulation input (IClc). 

With the exception of the 
standard "be tidy" caveats, 
there's nothing very critical 
about this D/A system and you can 
build it using whatever 
construction techniques appeal to 
you, but the board which is 
available from Paia has enough 
interesting features that it's 
worth taking a special look at 
it. Check out figure 4. 

I suppose the most 
interesting thing is the way the 
input, output, and control lines 
are configured. Notice that the 
connections to the computer all 
appear on two 14 pin dip outlines 
(Jl and J2), while connections to 
the synthesizer (including some 
computer address lines that QuASH 
in an expanded system will need; 
see "In Pursuit Of The Wild 
QuASH", Polyphony July '77, page 
19) come out to the 15 pin 
Molex-type edge connector (J3). 

We've already examined in 
general terms how this type of 
D/A connects at the computer side 
(see "The Polyphonic Synthe- 
sizer", Polyphony February '78, 
page 28). If the computer you're 
using is a Paia 8700 (which is 
not a bad idea since it has some 
useful music software to support 



it),_ these connections couldn't 
be simpler - there is a one to 
one correspondence between Jl and 
J2 and the connectors they mate 
with on the computer. Standard 
pre-terminated jumpers are used 
to connect the two. No soldering. 

The wiring to the 
"synthesizer" side is also 
arranged to acknowledge the fact 
that almost everyone will want to 
expand to a multi-channel system 
sooner or later Vit*"s acLually 



what the computer stuff is best 
at!), so the Molex wiring is the 
same as that found on QuASH 
modules. 

All of this means that from 
an inter-wiring standpoint, a 
fully expanded system is 
exceptionally easy to implement. 
Figure 5 shows you how. 

Calibration of the 8785 D/A 
consists of adjusting the D/A CAL 
trimmer (Rl) so that octave 
dnanges In Xwb xtrptit trc^uH ytutKjRSh 



octave changes in the module 
being controlled; this can easily 
be done by ear. The MOD CAL 
trimmer (R2) should be set so 
that a one volt (or whatever 
represents one octave in your 
system) change at the modulation 
input produces a one octave 
change in the controlled element. 

Before we wrap this column 
up, there are some little detail 
things that really need to be 
mentioned. 

Going back to the schematic 
for a minute, observe that there 
are two "programming" jumpers 
(JP1 and JP2) indicated on the 
circuit board. 

As we've mentioned again and 
again, the Paia protocols use the 
least significant 6 bits of an 8 
bit word to specify an analog 
parameter while the two most 
significant bits are flags (D6 is 
used as a gate, and D7 is a 
general purpose control bit which 
QuASH recognize as a portamento 
control bit). Since the 5008 is 
an eight bit converter, obviously 
some bits will not be used. I 
decided to permanently not use 
the least significant bit (LSB) 
of the converter (pin 12) by 
grounding it. The only effect of 
this is to slide all the lines of 
the controller "up one" as far as 
the 5008 is concerned, and it has 
no electrical effect that we need 
to worry about. 

The other unused 5008 bit is 
then it's MSB (most significant 
bit - D7, pin 5) and if the 
jumper JP1 is not in place, this 
bit is in fact not used. But, if 
you are one of those people for 
whom nothing is ever enough, you 
have the option of installing the 
jumper. This means that the MSB 
of the 5008 is tied to data bit 
D6, effectively doubling the 
range of the D/A from 64 notes 
(over 5 octaves) to 128 notes 
(almost 11 octaves). 

The cost of this "simple" 
modification is much greater than 
just a piece of wire, though, 
because if the option is selected 
the system is no longer 
compatible with our existing 
software (which might be just 
fine for your purposes). Maybe 
worse than that, it's no longer 
, compatible with QuASHes either. 
But if you need it, it's there. 

A second jumper (JP2) is 
meant to be used in systems with 
h or more QuASH and causes the 
fifth address bit from the 
computer to serve as the Bank 
Select (BS) line (see "In Pursuit 
Of The Wild QuASH" referenced 



earlier) . 

Something else to worry 
about is grounding. At some point 
in the system, digital power 
ground (recognized as a chassis 
ground symbol) and analog power 
ground (recognized as an earth 
ground symbol) must be tied 
together. However, they must have 
a common connection at only one 
point. Otherwise you run the risk 
of ground loop problems. I 
recommend that these two grounds 
be tied together at the Molex 
connector of the D/A, as shown in 
figure 5. 

Finally, Moog "S" triggers 
must be pulled to ground rather 
than accepting the high logic 
level that our trigger outputs 
provide. The simple circuit in 
figure 6 takes care of this using 
almost any NPN transistor you 
happen to have laying around. 

Synthesizers that have both 
"gate" and "trigger" inputs can 
use the scheme shown in figure 7 
to derive both of these signals 
from the single gate that our D/A 



8785 Linear D/A 



PARTS LIST 
IC 1 4136 
IC 2, 4 4042 
IC 3 m500S/)/fCCS 

Of Of 

Rl lOK trimmer 

R2 50K trimmer 

R3 150 ohm 1/4 watt 5% 

R4 1.5K ohm 1/4 watt 5% 

R5 39K ohm 1/4 watt 5% 

R6,R7,R8,R12 4.7K ohm 1/4 watt 5^ 
R9, R13 lOK ohm 1/4 watt 5% 

RIO, Rll 22K ohm 1/4 watt 5% 

CI .05 ceramic disk 

C2 33 mfd. lOv. electrolytic 

C3 .01 ceramic disk 

C4 .005 ceramic disk 

Misc. 

3 16 pin DIP sockets 

3 14 pin DIP sockets 

1 15 pin male molex 

1 15 pin female molex 

2 14 pin DIP headers 
bare wire 




From D/A 
Flor QuASH 
Trigger 




^ to Moog 
"s" trigger 



Any NPN 
•ronsistor 



From D/A o 
Flor QuASH 
Trigger 




"Gate" 



^"Trigger" 



$1N9J4 



M0OG"S" TRIGGER ADAPTER, 'feATE" & "TRIGGER" ADAPTER. 



NOTES ON 8785/8781 (QuASH) USAGE 



The Bank Select disabling jumper on the QuASH (marked "*") and the 
expansion decoding jumper on the 8785 linear D/A CJP2), cannot both be in place 
at the same time. 

Installlation of JP2 on the 8785 and elimination of the jumper on the 
8781 is recommended. 

A stock 8781 can not tolerate control voltages greater than the supply 
voltage to the multiplexing IC»s, IC2, IC3 and IC6. Since the voltage to these 
IC's is the supply voltage from the computer (nominally 5 volts) and an 8785 
which is calibrated to the more or less standard 1 volt/octave will produce a 
maximum control voltage of 5,33v., you may experience some difficulties. 

Typicly, problems in this area will result in all QuASH channels appearing 
to respond when one of them is commanded to produce a high control voltage. 
With normal software running, this will be heard as very serious pitch (control 
voltage) modulation on all channels when any one of them is trying to play a 
high note. 

This problem can be eliminated by modifying the 878I board as follows: 

( ) On the component side of the 878 1 board, remove the jumper that connects 
pin 1^ of IC1 to pin 14 of IC2. 

( ) As above, remove the jumper that connects pin 14 of IC5 to pin 14 of IC6. 

( ) Connect a new 68O ohm resistor from the recently vacated hole at pin 14 of 
IC2 to the hole at pin 14 of Ic6. 

THIS COMPLETES MODIFICATIONS TO THE COMPONENT SIDE OF THE CIRCUIT BOARD. 

( ) On the conductor side of the circuit board, install a new wire jumper from 
pin 14 of ICS to the side of RIO which also connects to the "+" lead of C25. 

THESE CHANGES ARE ILLUSTRATED BELOW: 



JUMPERS REMOVED 

RESISTOR ADDED 



JUMPER ADDED 



